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OF SUPrnSONIC AIRCRAFT 

By Cornelius  Driver 

An investigztior-  has been  corducted in   t he  Langley 4- by b f o o t  
supersonic  pressure tunnel t o  deternine  the  effects of foreboay  strakes 
cn  the aerodynamic characterist ics in  s idesl ip  of a delta-wing  airplm-e 
model a-i a Mzch cumber of 2.01. The node1 was tested  with two different  
ver t ica l - ta i l  locations; one c o n f i p a t i o r r  had a s ingle   ver t icel  t z i l  
2ow"ied at the center  line of the body, a d  the second configuration had 
twin t a i l s  mounted  on the w i n g  at the 0.50-semispm stat ion.  A body- 
alore  configuration was also tes ted   v i th  strskes of  varying  thickness 
and vertical   locztion. 

The presence of the  strzkes  increased  the  directlond-stabil i ty 
level   for   both  ver t ical- ta i l  E;rrmgen;eEts. The increase w a s  caused, i n  
p w t ,  by fzvorsbie  effects on the forebody md, i n   p w t ,  by  favorsble 
flow changes a t   t he   ve r t i ca l  tail.  Strake  loce.tions below the  horizontel 
center  l ine of the body did not  resti l t   in significant improvenents Tn 
the  directional-stabil i ty  level.  Although. t e s t s  of illdividual w i n d w a r d  
axi leeward strakes  Frdicated t5at thickness  affected  the  coatribEtion 
of the windward strake,  there w%s l i t t l e  significant  hprovenent due t o  
t h i c ~ e s s  vher? both  strakes  vere  present. 

Results of gressure  tes ts   for  a forebody show that the  presence or" 
the  strzkes provT&es & stabil izing  influence 011 the  forebody which is 
cor.sistent with the   resa- is  of force  tes ts .  

iiWRODUCTiON 

One 09 the  pmblsms  frequently  enco-mtered  with  sugersogic  a7bcraI"t 
i s  that  of the lox-directional-stability  level  thct  occurs  with  increzsing 



Mach  number a d  increasing  angle of attack. This  problem stems from two 
main sources; olie source i s  the  highly  unstsble wing-body combinations 
tha t  resul t   f ron  the use of high-fineness-ratio  bodies and far rearward 
centers of gravity, and the  other  source i s  the  decrease in   ver t ica l -  
t a i l  effectiveness that resu l t s  from e. decrease i n  t a i l  l if t-curve slope 
with  increasing Mach  number and from the effects  of  forebody and wing 
vorticity  with  increasing  angle of attack. 

A logical way to   a t tack  the problem of low d i rec t iona l   s tab i l i ty  
wo-ad  be t o  seek means whereby the  level  of  ins tab i l i ty  of the wing- 
body cmbioation  night  be  reduced. Ir- this way the t a i l  s i z e  and load 
might be  reduced. Another course t o  pursue would be t o  seek  neans of 
fncreasing %he t a i l  effectiveness  other than by merely increasing  the 
size of the  ver t ical  tai l .  

Receat t e s t s  at subsonic  speeds have indicated tha t  significant 
improven;.ent i n   t he   s t ab i l i t y   l eve l  f o r  wing-body cornbinations zight  be 
obtailled at high  angles of attack through  the  use of Porebody f ins   o r  
strskes.  These s t rakes   ac t   in  such a way as t o  grovide a directionelly 
s tabi l iz ing morrent increment  over the forebody and have been  found t o  
be usefill as an aid to  spin  recovery  (refs. 1 and 2) and as a mems of 
increasing  directional  sta3il i ty et high  angles  of  attack (ref. 3) . The 
strakes might a lso be  expected to   a f f ec t  the forebody vort ic i ty  and 
thereby have em effect  on t'ne t a i l  contribution. 

la oyder t o  determine if the  use of strakes  night  be  advmtageous 
at sTApersonic speeds, an investigation h&s been  conducted at a Ikch num- 
ber of 2.01 i n  ths Lmgley 4- by 4 " o o t  supersonic  pressure  turrnel of 
various  strake  arrangenents. The model used in  the  investigation was a 
tail less  configuration and had 2. 60° del ta  wing. Tests were made with 
both a single body-momted ver t ica l  t a i l  and twin wing-mounted tails  i n  
orOer t o  dzterrtiir?e the  effects  of strakes on vertical-tail   effectiveness.  

The imestigation  included  the  effects or' strake  length and rati ial  
posi+,ion, t'ne re la t ive   e f fec ts  of windward and leewmd strakes, and the 
e f fec ts  of strzke  thickness mii vertical   location on two cylindrical 
body configurations. SQbsequent t o   t h e  completion of the  force   t es t s  
a forebody pressure nodel w a s  tested  to  provide an insight  into  the 
charges ir- pressure on the  fore3ody  caused by the presence of the  strdses 
Tke r e su l t s  of Torte tests and an exmple  of the results of  pressure 
t e s t s  are presented. 
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Tne results are presented ELS force exd zoment coefficients w i  t h  
lift, drag, a d  pi'ichir?g moment r e fe r r ed   t o   t he   s t ab i l i t y  axis system 
and ro l l ing  momezlt, yawing moment, md side force   re fe r red   to  the body 
axis system (f ig .  I) . The reference  center of momects was at a s ta t ion  
on t k  body center liEe which corresponds -Lo a 1ocEtion at 7.75 percent 
of  the wing Eean geonetric  chord. 

CD ' approxWte drsg coefficient FD'/qS equal t o   t r u e  
drag coefficiect  at p = 00 

:itching-moxent coefficient, Mys/qSE 

C 2  rolling-nonent  coefficient, Mx/qSb 

CY side-force  coefficierxt, Fy/qS 

F- lift force L 

My moment about Y - a x i s  

MX nozent  about X-axis 

MZ noment =bout Z - a x i s  

FY side force 

9 free-stream dynamic pressure 

S w i r !  axe&  includLng  fuselage  intercept 

b w i n g  s p m  

C 
- wir-g  m e a n  geoxe-lric  chord ( P A )  
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Subscript: 
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Conf igurat ior-s : 

*1 

52 

W1 

free-stre&T Msch  number 

mgle  of attack of fiiselage  reference  line, deg 

amgle 02 si&eslip of L%selage reference  line, deg 

'directional-stability  panmeter, dCn/ap 

denotes  stabilFty  axis system 

body shown i n  figures 2(a) and 3; body coordinates 
given in   t ab l e  I 

body shovn irr figure L(a )  ; body coordinstes  given i n  
table  I 

strake  configuraticns shorn i n  figures 3 and 4 

single t a i l  nounted on fuselage,  figure 2 

two tails xounted at  0.50b/2 on upper surface of wing 
as shorn in  figure 2 

MODELS AND APPA€WXJS 

Two different rr,odels were used i n  the force t e s t s .  The first model 
was a body-alone configuration and the second model was a wing-body-tail 
cmfiguratlon. The bo*d coordinates of the nodels are given i n  table I 
m d  the  geornetric  charecteristics &,re given in table 11. Details of the 
str&es  are  presented  in  f igures 3 and 4. 
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Eight  different strzke rnangermxLs were tested.  For the  S 1  con- 
figuration  (fig.  3) the  strakes had emosed  sernisyns of 0.25 inch, were 
mounted on the body center  line, were 0.0625 inch  thick, and extenaed 
rearwwd 37.7 percent of the body leogth. The S2 configuration was 
ob-lained by moving the S1 ConTiguration r ad iz l ly   t o  a 45O posction 
( f ig .  3) . The S col.1-rigtr&tion hsd the sane s p m  and thickness ES 
Sl copYiguration bu% extended remwazd to the  Leading  edge  of the wing 
(47.1 percent of the body Length) . The m o d e l  w a s  tested v ikh  strakes 
on m d  off end with  the  vertical  tat1 on an-d of f .  Details of the   ver t i -  
ca l  teils md the wing &re shown i n  figure  2(b).  

3 

For the 54 and S5 configurations  (fig. k (  a) ) the  strakes -kd serri- 
sspccs 0.1 of' the m a x i m x u  model diameter, w e r e  mounted  on the body center 
l i ne  (B2),  were 0.25 and 0.125 h c h  thick,  respectively, z ~ d  extended 
rexmzrd 30 gercent of  the body length. Both of these  conr"iguratioos 
(Sq and S5) vere  also  tested  with o n l y  a single strake  installed.  Lee- 
ward md windxard e f fec ts  were determined by ro l l ing   the  model 180°. 
T k  S6 configmation w a s  a single-strske  conTiguration  identical in sgan 

and length t o  configuration SI but with  the str&ke beveled t o  a s h q  
edge ( f ig .  4 (b ) ) .  

The 57 configuration had the sane  thickness and semispen as the 
SL configuration  but w a s  mouated 1/2 inch below the center  l ine of the 
body ( f ig .  4( b) ) . The S8 ccmfiguration was obtained by et-leching an 
0.032-i-rlch-thick p la te  t o  the bottom of the ST config-metion t o  obtsin 
the sane olan-form area as configurations Sh and S5. 

SEbsequent -Lo the  completion of the  force tests, a forebody pres- 
sure model was tes ted  which had the s m e  body coordinztes es the  fore- 
body for the wing-body-tail configuratioa (BL). Details of the  pressure 
model me shown i n  figurre 3.  

Force measurements  were mde through the use of a six-component 
Lzternal  strain-gage  balmce. The  model was momted in   t he  tun-rlel on 
a rexote-controlled  rotary sting. The sting-angle r a g e  was vLried from 
0' t o  =bout 25O at vwious r o l l  an-gles from 0 t o  goo. 0 
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TESTS, CORFtFCTIONS, AND ACCURACY 
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The t e s t  conditions  are summarized as follows: 

M . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . .  2.01 
Stagnstion  texperature, 4 . . . . . . . . . . . . . . . . . .  100 
Stagnation  pressure, Ib/sq in.  abs . . . . . . . . . . . . . .  1440 
Reynolds number based on E . . . . . . . . . . . . . . . .  2.68 x 106 

The st&gr?ation dewpoint was xaintained  sufficiently low (-25O F or 
less)  tht no condensation effects  were encountered in   the  tes t   sect ion.  

The angles of  at tack and sideslip were corrected  for  the  deflection 
of the balance and sting under load. The  Msch  number var ia t ion  in   the 
tes t   sect ion w a s  apFroximately ItO.01, and the flow-angle  variation  in 
the  ver t ical  ssld horizontal  planes  did  not exceed  about It0.lo. No cor- 
rect ians   to   the data were considered  necessary t o  account for these flow 
variations. The base pressure w a s  measwed, and the dreg was adjusted 
t o  a base  pressure  equal t o  free-stream  static  pressure. 

The est imted  repeatabi l i ty  of the individual measured quantities 
i s  as follows: 

cL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0003 
CD' . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.0010 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0004 
C z  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kQ.OW4 
cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-0.0001 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.0015 
a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.2 
p,deg  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.2 

DISCUSSION 

Complete Configuration 

A_n_ example of the  variation of the lateral characteristtcs  with 
sideslip i s  presented i n  figure 5 to  indicate the l inear i ty  of the test, 
data. The subsequent  sideslTp  cierivatsves  presented ( f igs .  6 t o  9) were 
obtained from increments measured i n   t e s t s  run et 0' and bo sideslip 
through  the  angle-of  -attack  range. .. 



. 
Single ver t i ca l   t a i l . -  For the model with  the  single  verticel  t a i l  

( f ig .  6 ) ,  the  presence of the strakes postponed the character is t ic  
decrease  in  directional  stabil i ty  with  mgle of ettack;  therezore,  the 
angle of at tack at which directional  instabilLty  occurred was increased 
fro= 12.5' t o  20'. The r e su l t s  f o r  the  ver t ical  t a i l  off  (f ig.  6) show 
thzt  the  addition of the  strakes  provides a s tebi l iz ing C increment 
with a positive increxeIzt i n  Cyp, a d  thus a decrease in  the desta- 

bilizing  side  force ahead of the  center of momeats is indicated. For 
the   ver t ical  teil on,  however, the   s tab i l iz i rg  C increment  provided 

nB 
by the  strekes i s  &bout tv+ce that Tor the  tail-off  condition w i t h  a= 
increase  in  the  side  force  provided by the   ve r t i ca l   t a i l .  Since  the 
ta i l -off  Cy  e f fec ts  on the forebody w e  s t i l l  present,  the  additionel 

s tabi l iz ing increment  provided by the  strakes with the t a i l  on probably 
resu l t  fro= favorable f low changes zt t he   ve r t i ca l   t a i l .  A t  subsmic 
sseeds  the  presence  of  the strakes f o r  a somewhat dirferent collfigure- 
t i on   ( r e f .  3) provided  sLxilsx  forebody LmgrovemeEts; however, the t a i l  
contribution 2% subsonic sseeds w a s  decreased in   t he  preser-ce of the 
strakes . 

P 

The str&es  provide a l a g e  negative C increnent  for  the wing- % 
body configuration, end this increment  indicates a large  effect  on the 
l i f t  of the  leevexd wing panel ( f ig .  6) . The streke ef fec ts  on C 
for  t h e   v e r t i c a l   t a i l  on, axe consistent with the resu l t s  for and 

2P'  
CnP 

since a s tabi l iz ing flow c b g e  at the  ver t ical  t a i l  T o d d  also 

resu l t  i n  a larger  negative C increnent due t o  t& ver t ica l  tail.  
28 

Twin ver t ica l  tails. - For the configuration  with  the  twin teils at 
the 0.5Ob/2 s ta t ion  ( f ig .  7) the s t a b i l i z i n z  increment in C, provided 

-B 
by the  strskes i s  smevhat  larger  thm  for  tbe  single-tail  configuration, 
w i t h  abol-lt the saxe  changes in  as for  the  single-tail   configura- 

t ion.  Even though the  twin tails have twice  the  la teral   me& of the 
s ing le- ta i l  cons-igrlration sad provide  lerge  increases i n  Cyp, they  pro- 

vide .=bout the same C ir-crement. 

c*P 

Effect of strake radial position.- For oze configuretion ( S z ,  
f ig .  3) the  strakes wera xoved radfaily on the forebody from the  horizon- 
ta l   center- l iae   posi t ion to a position 45O below tlce horizontal  center 
l ine  t c  tietemine  the  effects of str&e  rediai   location. The resu l t s  
are  sho-m in figure 8 and Fndicete thzt f o r  models with  both  the  single 



and twin tails  the presence of the  strekes  in  the 45' plane below the 
horizontal  center  line  provided lower levels of direct ional   s tebi l i ty  
than  the  strake-off  case. This may resu l t  because the  strakes  in  the 
45' iocation add lzteral area ahead of the  center of  nonents. In addi- 
t ion,  a less  negative C results  with  the 45' strakes  than  for  the 

strakes xounted. on the  center  line. 
2P 

Effect  of  strake  length.- For another  coafiguration (ST, f ig .  3 ) ,  
the strakes were exiended on the  horizontal   center  l ine  to the wing 
leading  eQe. These resu l t s  are presented  in  figure 9 &nd. show about 
the sane inprovexents in   d i rec t iona l   s tab i l i ty  as did the  shorter strekes. 

LongTzudinal characteristics.- The effects  of the presence of strekes 
m d  ol" the  strake  length on the  longitudinal  chmacteristics are presented 
i n   f i g w e  10. The presence  of  the  strakes hsd l i t t l e   e f f e c t  on the   s t s t i c  
:mrgLn, lif=-cmve  sloge, or drag due t o  l i f t .  The xain  result  appears 
t o  be aa incresse  in  the nonlFnearrity  of the pitching-moxent  curve  with 
an increased  tendency toward pitckdp. The e f fec ts  of increasing  the 
strske  length  to  the  leading edge of the wing were mall  but  tended t o  
further  decrease  the  static margin and t o  increase  the  tendency toward 
g5tch-q at the  higher  mgles of a t t sck   ( f ig .  10) . 

Boey-Alone Configuration 

Basic  resii1ts.-  In  order  to  detem-ine more f d i y  the effects  of 
strEkes, t e s t s  were m3e of a body-alone  configuratron  having e, single 
windward or leewad  strake  installed.  Results  for the single-strake 
configmations  are  gresenteci  in  figures 11 and 12. 

The addition of the  l/h-inch-thick  strakes  to  the body alone (S4, 
f ig .  4(a)) caused a sizeable  increase ir, the directional-stabil i ty  level 
above mgles of attack of 12' ( f ig .  11) . The resu l t s   for  indicske 
e. positive  increTent  in which is  consistent with the  iacrease  in 

direct ional   s tabi l i ty .  No significant changes were indicated  in  the 
resu l t s   for  c2p 

c% 

Tests of the  l/&-inch-thick  single-strake  configurations  (both 
win&ward and leeward)  indicate thzt the  effectiveness 02 the windward 
strake apsears t o  increase w i t h  increasing  angle of attack,  but  the 
increase  in  effectiveness is not  realized wheE both  strakes  are  gresent 
( f ig .  11) . The presence of xutual  interference  effects 1s indicated 
since the imrexents  provided by each  single  strake  (Pig. 11) add up t o  
more than the to t a l   s t eb i l i t y   l eve l  provided  by  both strekes. Tests 
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with  the  L/8-inch-thick  strakes  (rig. 12) s h m  about  the saTie  3bnprove- 
ment i n   t h e   d i r e c t i o r ~ l - s t e 3 i ~ i ~ y   l e v e l  &s do the  1/4-inch-thick strakes 
( f ig .  11) . 

Effects of t-hic!mess.- The effects  of strake thicb-ess shown i n  
figure 13 are   re le t ive ly  sroall akd indicate  that   the  thinner  strakes 
provided  sligl.tly  higher  levels of d i rec t iona l   s tab i l i ty .  Subsequent 
t o  t he   t e s t s  of the  1/8-inch-thick  strske,  the single l/k-FncI? strake 
was beveled do a sharp eiige (s6, fig.  4(b)) and tested in the winciward 
position only. P- comEsisoli of thickness eTfects on the  windwmd strake 
only i s  shown i n   t h e  lower smt of figure 13 which indicates  tfiet  the 
beveled strake caused  about the same increase  in CnB with .male of 
zttack as the  1/8-inch str&e but  caused EO signif icmt  increase i n  the 
n.sxiwm~ directional-stabil i ty  level.  

Effect of vertical   location.-  In an_ eTfort   to fiml the   e f fec ts  of 
vertical   location,  the  strakes were ins ta l led  1/2 inch below the  hmizon- 
t a l  center liEe, both  with the same exposed spak of 0.1-inch body d i m e -  
ter  (ST,  f ig .  4(b)) m d  w i t h  E. plate  et tacned  to  the bottom of the IOJ 
streke t o  increase  the plm-form wee, in   the  lox pos i t ion   to   the  saxe 
value a5 when the  strakes were loc&-bed on the  cerr-ler l i ne  of the body 
(Sa) . Although the low  str&kes did not  offer any iq rovenent   in   the  
direct ional-s tabi l i ty   level  a t  lox values of a, the low strake  with  the 
plate  zttached did show sone improvement above angles of a t tack of 160 
(fig. 14) . 

Pressure Meesurements 

SubseqLent t o  the cornsletion of the  force tests a forebody  pressure 
model VES tes ted  to   provide aa insight  into  the chenges i n  pressure on 
the  forebody  caused by the  presence  of  the  strakes. 

Representative  results  obtehed at a = 16O &ad p = k0 me pre- 
sected in  Tigure 15 uhere  only  the  side-force component of  the redial 
pressure  distributions is shown.  The posi-tive  values of Cy represent 
stabil izing  side Torces,  whereas the  negative  values of Cy represent 
destzbilizing side forces. 

These resuits indicEte t b s t  the  presence of the strakes causes a 
more negztive  pressure  field above the strckes, with the lazgest increase 
on the  wincimzd side of the  forebody. The primary e f fec t  of the  increased 
negacive  press-me r'ield cn the windward side i s  an increase in the sta- 
bi l iz ing side force e-oove the  s t r&e  ( f ig .  15) . This  effect  may be 
eq la ined  by the  expansion which occurs zbove the w h d w m d  strake as it 
becozes znore incliced t o  the   re le t ive  wind with  increasing  sideslip. 



Conversely,  the  presence of the strakes causes a lmge  increase  in 
the  positive  pressure f ie ld  below the  strakes. The primary effect  of 
the  positive  pressure  field i s  on the leewmd side where destabilizing 
side  forces below the  strake  position  are chenged to   s tabi l iz ing  s ide 
forces. This e f f e c t   r e s d t s  as the  leewmd strake becomes increasingly 
normal to   t he   r e l a t ive  wind with  increasing  sideslip, md a damming of  
the ?low occurs w i t h  e corresponding  increase in  pressure below the 
strake. Tnese  changes in  loading on the  forebody,  indicated by the 
p r e s s x e  tests, &re consistent with wing-body end wing-body-strake 
force-test results (r"5gs. 6 end 7) . Vertical-tail  pressure  measurenents 
and flow-angle measurements at t h e   v e r t i c d  t a i l  would be  necessary t o  
account fo r  that portion of the  directional-stability  iqrovement attrib- 
uted t o  flow changes at the   ver t ica l  tai l .  

CONCLUSIONS 

Ar? investigation has been  conducted in   the  Langley 4- by broot 
supersollic  presswe  tunnel at a Mach nwber of 2 . 0 1 t o  determine  the 
e f fec ts  of forebody str&kes on the aerodynamic characterist ics  in  side- 
s l i p  of a t a i l l e s s  delta-wiing airplane nodel. The model was tested  with 
two different   ver t ical- ta i l   locat ions;  one configuration had the ver t ica l  
t a i l  on the  center  l ine of the body end the other ha6 twin tails on the 
wFng at the 0.50-semispan position. The resu l t s  of the investigation 
indicate  the  following  conclusions: 

1. The presence of s t r e e s  increases  the  directional-stability  level 
for both  ver t ical- ta i l  mrangernents. The increese is caused, i n  par t ,  
by favorable  effects on the forebody md, in   par t ,  by favorable  flow 
chenges at the  ver t ical  tail. 

2. Strakes mounted below the maxinuT body diameter  Srovide no sig- 
n i f i c m t  improvenents i n  the directional-stebil i ty  level.  

3 .  Plthozgh t e s t s  of single  strakes  indicate that thickness  affects 
the  contribution of  the windward strake,  there is  l i t t l e  significant 
inrpovement in   d i rec t iona l   s tab i l i ty  due t o   t h i c h e s s  when both strakes 
are  gresent . 

4. In i t ia l   p ressure- tes t   resu l t s  of e forebody, which are  consist- 
ept with t'ne r e su l t s  of the force tests, show that the presence of the 
strakes provides e stabilizing  influence on the  forebody. 

Langley Aeronastical  Laboretory, 
Nztional  Advisory Corrmittee for  Aeromutics, 

Langley Xe ld ,  Va. ,  Februmy 24, 1958. 
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TABLE I. - BODY COORDITWTS 

NACA RM L58Cll 

. 

--+- ------”+- 

x, in. 

0 
297 
.627 
.956 

1.285 
1.615 

29275 
2.605 
2.936 
3 267 
3 598 
3 * 929 
4.260 
4.592 
4.923 
5 255 
5 * 587 
5 920 
6.252 
6.583 
18.648 
37.000 

1.9h.5 

I -  

Body 1 

r, in. 

0 
.076 
.156 
233 - 307 
378 
.445 
m509 
.573 
.627 

Body 2 

x, in. 

0 
* 30 

6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 

14.00 
13.00 

15.00 to 30.00 

r, in. 

0 
.300 - 963 

1 * 073 
1.176 
1.262 
1.335 
1.394 
1.441 
1.474 
1 493 
1.500 

. 



. 

Body: 
Mlzxinu~ dim.eter. i n  . . . . . . . . . . . . . . . . . . . .  3.50 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  37-00 
Bese mea. sq in . . . . . . . . . . . . . . . . . . . . . .  9.621 
Finenessra'clo . . . . . . . . . . . . . . . . . . . . . .  10 .57 

Delta Wing: 
Total  span. i n  . . . . . . . . . . . . . . . . . . . . .  
Chord a-L body-wir?g intersection.  in . . . . . . . . . .  
Total mea. sa_ f t  . . . . . . . . . . . . . . . . . . .  
Aspect r z t i o  . . . . . . . . . . . . . . . . . . . . . .  
Thicline .. rat i o  . . . . . . . . . . . . . . . . . . . .  
Leading-edge hElf"mgle. n o m  al t o  leeding edge. &eg . 
Wailing-edge h.zlf-an4le, n0m-d t o  treilillg edge. deg 
Sveep . . . . . . . . . . . . . . . . . . . . . . . . .  
Section . . . . . . . . . . . . . . . . . . . . . . . .  

Meen- geometric chord. i n  . . . . . . . . . . . . . . . .  
. .  . .  . .  . .  . .  . .  . .  . .  . .  

22.56 
16.51 

13.027 
1.53 
2.31 
0.036 

5 
5 
60 

Hexagonal 

Vert  ice1 Tail : 
Area exposed. sa_ f t  . . . . . . . . . . . . . . . . . . . .  0.163 
Spm exposed. in  . . . . . . . . . . . . . . . . . . . . . .  5.10 
AsDect rz t io   (pznel)  . . . . . . . . . . . . . . . . . . .  1.11 
Sweep or' lesding edge. deg . . . . . . . . . . . . . . . .  60 
Section . . . . . . . . . . . . . . . . . . . . . . . . .  0.188 slab 
Leading-edge half.mgle. normal t o  leading edge. deg . . .  5 
Root chord . . . . . . . . . . . . . . . . . . . . . . . .  7-00 
Tip  chord . . . . . . . . . . . . . . . . . . . . . . . . .  2.20 
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Relative wind -----.- 

(a) Stability axis. 

Figure 1.- Axes systems. Arrows indicate positive directions. 



I 



I - I  
E 

i /  
I- 

(a) Complete model with body 1. 

Figure 2.- Details of model. 
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Vertical-tail  details - 
00 
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6- 13.027 ----I 

M G C  

19.541 _ I  
I 

60" delta wing 

Wing details 

(b) Details of wing an-d vertical tai l .  

Figure 2.- Concluded. 
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13.70" I r- 13.94 -- 1 
Orifice top and bottom 

Pressure  model  showing orifice position 
Typical  Section 

Showing orifice  locotion 
13.94 -1 

s2 

I 

I 
33 

Figure 3 . -  Strake details  for body 1. 
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Straight lin- 
I .-" 

ecti 

Basic body, 2 25.25 ogive radius 

S5 8 Inch strake on body I 

Figure 11.. - Strake details for body 2. 
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s6 Inch  beveled  edge strake 

S7 7 I Inch  strake  in low position 

S8 Inch  low strake with same planform  area as strakes I 
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-. ylgu-re 5.- 3fl"ect  of strakes on laterel chmacter is t ics  of configuration 
w i t h  body-mounted vertical tail.  
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(b) a = 12.1O. 

Figure 5 .  - Concluded. 
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0 4 8 12 16 20 24 28 

a, deg 

Fig-me 7.- Sideslip  derivetives of configuration  with wing-mounted 
ver t ica l  tails. 
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0 4 8 12 16 20 24 28 

a, deg 

Figure 8.- ETfec-L of strake position on lateral chaxacteristics  of  both 
body-mounted m-d wing-nou-n-ted vertical-tail  configurations. 
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F igl 

- NACA RM L'j8Cll  

Ire 9.  - Effect of strake length on lateral characteristics of wing- 
mounted vertical-tail configuretion. 



F i v e  10. - Effect os-" strakes and of strake length on longitudinal c h u -  
acteristics of wing-xounted vertical-tall configuration. 
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Figure 11.- Effect on lateral characteristics of  the presence of 1/4- 
inch-thick str&lces on the B2 coafiguration. e 



Q,  deg 

Figure 12.- Effect o??- lateral charecterist ics 02 the presence of 1/8- 
inch-thick  strakes on the B2 configuration. 
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-8 -4 0 4 8 12 16 20 24 28 32 

a, deg 

Figure 1 3 . -  Effect of strake thickness on lateral chmacterist ics of the 
B2 conf igma-bion. 



Figure 14 . -  Effect of strzke vert ical   locat ion on l a t e r d  characteris- 
t ics of the B2 configuration. 
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Figure 1.5.- 1:rfecL; of strakes on the  side-force component of radial  pressure distributions 
the forebody of the wing-body configuration. 
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